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肋s伽切：VMous3,3-diaryI-2-propem-1-ols(4)weresynthesizedfmmthecorresIDondingaryIbroHmides
(5)andaryIaIdehydes(6)infbuIPsteps、ＴｈｅｙｉｅｌｄｓｗｅｒｅｇＯｏｄｔｏｅｘｃｅⅡentinallsteps・Inparticular,３，３－
diphenyI-2-propem-1-oMa)istlHeimpoTtantstartimgmaterialfbrsymthesisofchiraICibemzolinebytlhecatalytic
enantioselectiveSimmom-Smithcyclopropgmationusinga-gumimoacid-deriveddisulfbnamide，whichwehave
reCeMlyreported・ThesecomdaryalcohoIs(7)werepreparedfromarylbromides5，butyIIithium,ａＭＴＭＥＤＡ，
fDIlowedbyadditiomofsubstitmtedbenzaldehydes6・ＴhealcohoIs7wereconvertedto3,3-diaryl-2-propen-1-oIs
4byoxidatiomof7withIBX,byHornerWadsworth-Emmonsreactionoftheketones(8)with(EtO)2POCII2CO2Et
andsodiumhydride,thenbyreductiomoftheesters(9)withDmAL-H．
Wehaverecentlydevclopedq-aminoacid-dcriveddisulfbnalnidc（１）fbracatalyticcnantiosclcctive
Simmons-Smithreactionla,1b)andalkylation､2a）CibcnzoIincisconmcrciallyanavailabIemedicincasaclassI
antiarrhythmicagcnt､3）Wewillapplythecatalyticenantioselcctivccyclopropanationusinga-aminoacid-dcrived
disulfbnamidctosynthcsisｏｆchiralcibcnzolineandtheanalogs，ｉｎｗｈｉｃｈａｋｅｙｃｏｍｐｏｕｎｄｉｓ３,3-diphenyI-2-
propen-1-ol(4a)asshowninSchemeLInthispapcr,wcdcscribcaconvcnicntroutcfbrsynthCsisof3,3-diaryl-2‐
propen-1-ols(4)hPomthecorrcspondingarylbromides(5)andarylaldehydes(6)infburstcps・meoutlincfbr
prepamtionof3,3-diaryI-2-propen-1-oIs4issummarizedinSchemc2．
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Initiauy,thevarioussecondaryalcohoIs（７）substitutedonthearomaticringsbyelectron-donatingor
clectron-withdrawinggroupswcrcpreparedin６８~91％yicldsfiromthccorrcspondingarylbromides(5)，
butyllithiumandﾉVWWWLtctramethylethylcnediamine(TMEDA)intctrahydrofmran(THF),fbllowedbyadditionof
thccorrespondingarylaIdehydcs(6)．Evcnchlorinatedalcoholsonthearomaticringswereeasilysynthsizcdin
goodyieldsasdescribedincntrｉｅｓ４ａＭ５、Thealcohols7wereoxidizedwith2-iodoxybenzoicacid（IBX）in
dimcthylsulfbxidc(DMSO)toaffbrdthccorrespondingsubstitutedbcnzophcnones8in75~99％yields．、eresults
ofpreparationofvariousbenzophenonederivativcs8arecollectedinTablcL
TablelPreparationofVariousBenzophenoneDerivatives8
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a)All１℃actionswcrecarriedoutwithl3mmolofanarylbromidc5,l2mmoIofbutyllithium,l3mmolofTR肥DA，
andlOmmolofanalylaldchyde6in50mLofanhydIousTHF．ｂ)AllrcactionswerecamedoutwithlcquivalCntof
thediarylmcthanol7andL2equivalentsoflBXinanhydrouｓＤＭＳＯ．
NexLHomer-Wadsworth-EnⅡnonsreactionofbenzophenone（8a）asasterichinderedketoncwith
(EtO)2POCH2CO2EtandsodiumhydridcwasstudiedandtheresultsarecollectcｄｉｎＴａｂｌｅＺ、Whenwcmnthe
reactionofbenzophenone8awith(EtO)2POCII2CO2EtandsodiumhydridcinTＨＦａｔ２５ｏＣｆｂｒ２ｈ,amixturcof8a
andethyl3,3-diphcnyl-2-propcnatc(，a)wasobtainedasaninscpamblesolidaftersilicagelcolumnchromatograpy・
Themixturcof8aand9awas１℃ducedwith2equivalentsofdiisobutylaluminumhydride(DIBAL-H)ｉｎＴＨＦａｔ２５･C
fbr3htoaffbrd3,3-diphenyl-2-propen-1-ol4ain4％yicld(cnhyl)．
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merclationshipbctweentemparaturcandyicldinHorncr-Wadsworth-Emmonsrcactionwasexamined(entries
l~4)andthcreactionat50oCyiclded２８％(cntly3)．Effectofconcentrationof8aontheyicldwascvaluatcdat50
oCanditisnotcdthatbcttcryields(40％and３４％）wereaffMedinhighcrconcentmtion(cntries5and6)．Whcn
DMSOwasusedasaco-solvcntmuchbetteryiclds(47％and59％)weregivcnwithL2andl・Sequivalentsofsodium
hydride,respectively(entrics7and8)．Thcreactionwasrunat60oCｗｉｔｈ1.5equivalcntsofsodiumhydrideina3：
1mixturcofTTIF-DMSOtoaHbrd4ain66％yield(cntry9)．
TableZPrcparationof3,3-Diphcnyl-2-propen-1-oI4afromBCnzophcnone8aa）
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a)１)A11reactionswerecarricdoutwith３．８１nmolofbcnzophenonc8a,５．０，Ⅱnolof(EtO)2POCH2CO2Et,andthe
indicatedcquivalentsofsodiumhydridcintheindicatedanhydroussolvents、２）Aftersilicagelcolumn
chromatog｢apy,thcmixturcof8aandethyl3,3-diphenyl-2-propenate9awaslMuccｄｗｉtｈ７．６nunolofDmAL-Hin
66mLofanhydrousＴＨＦ．
Finally,Horner-Wadsworth-Emmonsreactionsofvarioussubstitutedbcnzophcnones8onthcaromaticrings
byclcctron-donatingorelectron-withdrawinggroupswerecarriedout・ＩｎａＵｃａｓｅｓ，separationofthcproductswere
pcrfbrInedaftcrrcductionofthcmixtureofcthyl3,3-diaryl-2-propenates9andtherecovercdketones8witｈＤｍＡＬＨ
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ｉｎＴＨＦａｔ２５ｏＣｆｂｒ３ｈｔｏａｆＴｂｒｄ３,3-diaryl-2-propen-1-ols4anddiarylmcthanols7・AUresultsaresummarizedin
Tablc3．
THble3・PrcparationofVarious3,3-Diaryl-2-propcn-1-ols4a）
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a)1)AUrcactionswcrccarriedoutwithLOmmolofabcnzophcnonederivative８，１３，Ⅱnolof(EtO)2POdI2CO2EL
andl､Smmolofsodiumhydrideatthcindicatcdtcmparaturcfbr2hi、０．４mLoftheindicatcdanhydroussolvents、
2)AftersiIicagelcolumnchromatograpy,themixturcof8andthecthyl3,3-diaryl-2-propenatelwasrcduccdwith
2､０，ⅢnolofDIBAしＨｉｎ３３ｍＬｏｆａｎｈｙｄｒｏｕｓＴＨＦａｔ２５ｏＣfbr3h．
Intcrestingly,thcrcactionofbcnzophcnone8agave６３％ｙｉｃｌｄｍＴＨＦ－ＤＭＳＯ(３：１）and５２％ｙｉｃｌｄｉｎＭ‐
dioxane-DMSO(３：１)asshowninentrieslandZOntheotherhand,theIcactionof4,4,-dichlorobenzophenone(8e）
affbrded30％yicldinTHF-DMSO(３：１）and７５％yicldinl,4-dioxanc-DMSO(３：１）asindicatcdiｎｅｎｔｒｉｃｓ５ａｎｄ６・
Then3,3-bis(4-mcthylphenyl)-2-propcn-l-ol(4.)wasobtainedin95％ofanexceUentyieldUnfbrtunatcly,Ｈｏｍｅr‐
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Wadsworth-Emnonsrcactionsofmethoxy-ortrifluoromcthyl-substitutedketoncs(8ｂｏｒ８ｇ)onthcaromaticrings
yicldcdlow(23％and３８％,respectivclyinentries3andl2)．
ｌｎｓｕｍｍａｒｙ，thesterichindcrcd3,3-.iary-2-propen-l-ols4wcreeasiIyprepared丘omthecorrcsponding
bcnzophcnoncderivatives8inmoderatetoexcellcntyiclds・Thesubstitutedbenzophenoncs8onthcaromaticrings
byclcctron-donatingorclcctron-withdrawinggroupswcrcobtainedfmmthccorrespondingaryIbromides5and
arylaldchydes6ingoodtocxcellentyiclds・ItisfbundthattheyicldsofHorner-Wadsworth-Enmnonsreactionsof
thekctones8cxtremelydependonconccntrationandsolvent、
WealCcurrentlyworkingonthcenantioselectiveSinmons-Smithcyclopropanationofthescstcrichindered
3,3-dialyl-2-propcn-1-ols4withEt2ZｎａｎｄＣＨ２１２ｉｎｔｈｃｐｒｅｓｅｎｃｃｏｆａｃａｔａｌyticamountofu-aminoacid-dcrived
disulfbnalnidel・Furtherinvestigationsonsynthesisofcibenzolineandtheanalogsusing3,3-.iaryl-2-propcn-1-
ols4arcalsoinpro９１℃ss．
ExperimemtalSection
lHNMMndl3CNMRspectraweremcasuredwithaJEOLJNM-GSX400（4001ＶｍｚａｎｄｌＯＯＫ狂Iz，
rcspcctivcly)．ThCchemicalshiftsarccxprcssedinppmdownfMdfiPomtctramcthylsilane,usingtctramethylsilanc(６
＝O)and/orrcsidualchlorofOnn(６＝7.25)asanintcrnalstandard・splittingpatternsareindicatcdass,singlet;。，
doublct;Ltriplct;ｑ,quartet;ｍ,multiplet;ｍｂｒｏａｄｓｉ印a1．Forthinlaycrchromatogmphic(TLC)analyses,Merck
prccoaMTLCaluminumplatcs(silicagel60F254,Art5554)wereuscd．
TypicalProcedurebrPreparatiomofDiaryImethanoIs7：
TOacolorlcssclearsolutionof2.439(１３，mol,１３equiv.)of4-bromoanisole(5b)ａｎｄｌ９９ｍＬ(l3mmol，
1.3equiv.)ofTYⅧDAin50mLofanhydmusTYTwasaddcddropwiscat-78oC7・Ｓ０ｍＬ（１２，mol,１．２cquiv.)ｏｆａ
1.59ＭsoIutionofbutyllithiuminhexanc・Aftcrstirringfbrlhat‐７８°Ｃ，１．２２ｍＬ（１０，mol，lequiv.）ＣＭ‐
methoxybenzaldchydc(6b)wasaddeddropwiseat-78oCtothecolorlessclearsolution・memixtu１℃wasstirredfbr
３hat-30°Ｃ,quenchcdatthetcmparaturewith20ｍＬｏｆ２ＭａｑＮＨ４ＣＬｅｘｔＩａｃｔｅｄｗｉｔＭＯｍＬｏfEtOAc,washedwith
lOmLofbrinc,anddriedoverMgSO4・Thecmdcproductwaschromatographｃｄｏｎｓｉｌｉｃａｇｅｌｗｉｔｈａｌ：４ｍixturcof
EtOAcandhcxanctoafYbrd2.829(89％yicld)ｏｆbis(4-mcthoxyphenyl)methanol(7b)．７b:１ＨＮＭＲ(CDCl3)６２．３６
(l1LbIsPH),3,76(6H,s,CH3x2),５．７２(1H,s,ＣＨＭ､84,7.25(4H’４H,。,。,Ｊ＝8.6,8.6ＨｚＣ６Ｈ４ｘ２).ｌ３ＣＮＭＲ
(CDC13)655.2(CH3x2),75.3(CH),113.7,127.6,136.3,158.8(C6H4x2)．
Big(3-methoxyphenyI)methanol(7c):１ＨＮＭＲ(CDCI3)62.24(1Ｈ,brsPH),3.79(6ILS,CH3x2),5.78(1H,｡,ノー3.2
ＨＺＣＨ),6.80,6.95,6.％,7.24(ZIL2H,21ＬＺＨ,d,｡,s,Ｍ＝7.6,7.6,7.6HzlC6H4x2).Ｉ３ＣＮＭＲ(CDCl3)Ｍ5.2(CH3
x2),76.1(CH),112.0,113.0,11Ｍ,129.4,145.2,159.6(C6H4x2)．
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Bis(4-methylphenyl)methanoI(7.):ｌＨＮＭＲ(CDCl3)６２．１６(1H,bls,ＯＨ),２３２(6ILS,ＣＨ３ｘ２),５．７８(1H,S,ＣＨ)，
7.13,7.25(4H,41Ｍ,｡,Ｊ＝8.0,8.OHzlC6H4x2).１３ＣＮＭＲ(CDC13)Ｍ1.2(CH3x2),75.9(CH),126.4,129.1,137.0,
141.0(C6H4x2）
Bis(4-chIorophemyl)methanoI(7e):ＩＨＮＭＲ(CDCl3)62.26(1H,b18,01,,5.79(1H,s,CID,7.26-7.32(8H,ｍ,Ｃ６Ｈ４ｘ
２).１３ＣＮＭＲ(CDCl3)675.0(CH),127.8,128.7,133.5,141.7(C6H4x2)．
Bis(3-chIorophenyl)methamoI(7f):１ＨＮＭＲ(CDCl3)62.32(1H,｡,Ｊ＝2.8Ｈｚ,ＯＨ),5.77(I1Ld,Ｊ＝2.8ＨｚＣＨ),7.22‐
731,7.38(6H’2H,ｎs,C6H4x2).１３ＣＮＭＲ(CDCl3)675.1(CH),124.6,126.6,127.9,129.8,1345,145.0(C6H4x
Z)．
BisI4-(trimoromethyl)phemyllmethanol(79):１ＨＮＭＲ(CDCI3)６２．４６(1H,bls,ＯＨ),５．９４(1ILS,ＣＨ),7.50,7.61
(4IL4HAd,ノー8.2,8.2Ｈｚ,C6H4x2).１３ＣＮＭＲ(CDCl3)６７５．２(CH),125.6,125.6,125.7,126.7,146.7(ＣＦ３ｘ２，
C6H4x2)．
TypicalProcedurefDrPreparatio、OfSubstitutedBenzOphenOmes8：
ToasolutionofL71g(7.65ｍｍo1,1cquiv.)of7binl5mLofanhydrousDMSOwasaddｅｄ２Ｓ７ｇ（9.17
,mol,L2equiv.)oflBXAfterstilTingfbr24hat２５°Ｃ,thcreactionmixturewasdilutedwiｔｈ２００ｍＬｏｆＥｔＯＡｃ，
ｗａｓｈｅｄｗｉｔｈ２０ｍＬｏｆ２Ｍａｑ・ＮａＨＣＯ３,Ｚ０ｍＬｏｆｈａｌｆｂｒｉｎｅ，１０mLofbrine,anddriedovcrMgSO4・Thccrude
pmductwaschIDmatogFaphedonsilicagelwithal：３mixtureofEtOAcandhexanetoaffbrｄＬ６３ｇ(96％yield)ｏｆ
4,4,-dimethoxybcnzophenone(8b)．８b:ｌＨＮＭＲ(CDCl3)63.89(6ILs9CH3xZ),6.96,7.79(41ＭＨ,｡,｡,Ｊ＝Ｍ,Ｍ
１返C6H4x2).ｌ３ＣＮＭＲ(CDCl3)655.5(CH3x2),113.4,130.7,132.1,162.7(C6H4x2),194.3(C=O）
3,3,-Dimethoxybemzophenone(8c):ｌＨＮＭＲ(CDCI3)63.67(6H,s,CH3x2),6.92,6.99,7.43,7.51(ＺＨＬ２Ｈ,２H’２H，
｡,t,t,｡,Ｊ＝8.0,7.2,8.0,7.6Ｈｚ,Ｃ６Ｈ４ｘ２).ｌ３ＣＮＭＲ(CDCl3)６５５．７(ＣＨ３ｘ２),111.4,120.3,130.2,130.4,132.5，
158.2(C6H4x2),195.2(C=O)．
4,40-Dimethylbenzophemome(8.):ｌＨＮＭＲ(CDCl3)62.44(6H,s,CH3x2),7.27,7.70(41Ｌ４Ｈ,。,。,Ｊ＝8.4,8.4Hz
C6H4x2).ｌ３ＣＮＭＲ(CDCl3)621.7(CH3x2),１２Ｍ,130.1,135.1,1428(C6H4x2),196.1(C=O)．
4,41-Dichlorobemzophenone(8e):ｌＨＮＭＲ(CDCI3)67.47,7.73(4H,４１Ｍ,。,ノー8.8,8.8ＨｚＣ６Ｈ４ｘ２).ｌ３ＣＮＭＲ
(CDC13)6128.7,131.2,135.4,139.1(C6H4x2),194.1(C=O)．
3,3o-DichlorobemzophemOme(8f):１ＨＮＭＲ(CDCl3)67.45,7.59,7.65,7.78(2H2H,2ＨｍＬｔ,dAs,ノー川,8.0,8.0
Ｈｚ“H4x2).ｌ３ＣＮＭＲ(CDCl3)6128.0,129.7,129.7,132.7,134.7,138.5(C6H4x2),193.7(C=O)．
4,4,-Bis(trifluoronDethyl)benzophenone(89):１ＨＮＭＲ(CDCl3)67.79,7.91(4H'4ILd,｡,Ｊ＝8.4,ＭＨｚｌＣ６Ｈ４ｘ２)．
ｌ３ＣＮＭＲ(CDCl3)6125.5,125.6,125.6,130.1,139.7(CF3x2,C6H4x2),Ｍ､2(C=O)．
TypicalProcedurehrPreparationof3,3-Diaryl-Z-propen-1-oIs4：
Toasuspcnsionofawashedsodiumhydride（１５，Ⅱno1,1.5equiv.)ｉｎ0.3mLofanhydrousTIIFwasadded
dropwiseat60oCfbr40min260UL(1.3,mol,１．３cquiv.)of(EtO)ZPOCH2COZEt・Aftcrstirringfbrlhat25oC,the
ycllowclcarsolutionwasaddcdｄｒｏｐｗｉｓｃａｔ６０ｏＣｆｂｒ３０ｍｉｎｔｏａｓｏｌｕｔｉｏｎｏｆｌ８２ｍｇ（１mlnol，lcquiv.）of
benzophenonc8ainO・lmLofanhydrousDMSO、memixturcwasstilTedfbr2hatthetcmparatu瞳quenchcdatOoC
NobuyukilMAI,TakuyaNoGucHI,JunzoNoKAMIandJunzoOTERA5４
withl5mLofsaMq,NH4Cl,cxtractedwithlOOmLofEtOAc,washedwith5mLofbrine,anddriedoverMgSO4・
Thecrudcproductwaschromatograpｈｅｄｏｎｓｉｌｉｃａｇｃｌｗｉｔｈａｌ：ＳｍｉｘｔｕｒｃｏｆＥｔＯＡｃａｎｄｈｃｘａｎｃｔｏaffbrdl82mgofa
mixturcofcthyl3,3-diphcnyl-2-propcnatclaandbcnzophcnone8a･
Thcsolutionofl82mgofthcmixturei､３．３ｍLofanhydrousTHFwasaddeddropwiseat-78°Ｃ２．１１ｍＬ(z
nmnol)ofaM5MsolutionofDIBAL-Hinhexanc・Aftcrstirringfbr3hat25oC,thercactionsolutionwasquenchcd
ｗｉｔｈｌＯｍＬｏｆＥｔＯＡｃａｎｄ３ｍＬｏｆｗａｔｅｒ,ａｎｄｄｉｌｕｔｃｄｗｉｔｈ５０ｍＬｏｆＥｔＯＡｃ・Theresultcdsuspcnsionwasfiltc1℃dand
thefiltratcwaswashedwith5mLofbrine,anddriedoverMgSO4・Thecmdcproductwaschromatographedonsilica
gClwithal：SInixturcofEtOAcandhcxanctoaffbrdl32mg(63％yield)of3,3-diphcnyl-2-propcn-I-ol4a、４a：IH
NMR(CDCl3)61.38(1H,リー6.0Ｈｚ,01,,4.22(2H,｡｡,ノー6.0,68Ｈｚ,CH2),６．２５（ｌＩＬｔ,Ｊ＝６．８HzlCH),7.16-7.40
(l0ILm,Ｃ６ＨＳｘ２).13ＣＭ、(CDCl3)６６０．７(CH2),126.4,127.4,127.5,128.1,128.Ｍ28.4,129.6,138.9,141.7,
144.1(>C=CH,C6H5x2)．
3,3-Bis(4-methoxyphemyI)-LprOpeme-1-Ol(4b):１ＨＮＭＲ(CDCl3)61.80(lILbrsPH),3.79,3.82(3H'3H,s,s,CH3x
2),4.19(21Ｍ,ノー6.8HzlCH2),6.10(1H,Ｍ＝6.8Ｈｚ，CII),6`81,6.81,7.08,7.18(21ＬＺＨ,ＺＨ,ＺＩＬ。,。4.,Ｊ＝8.8,
8.8,88,8.8Ｈｚ,C6H4x2).ｌ３ＣＮＭＲ(CDCl3)655.3,55.3(ＣＨ３ｘ２),６０．８(CH2),１１Ｍ,113.5,125.3,128.8,130.9,
131.5,134.7,14Ｍ,1589,159.1(>C=CH,C6H4x2)．
3,3-Bis(4-methylphemyl)-2-propene-1-ol(4.):１ＨＮＭＲ(CDCl3)6140(1H,brsPID,233,2.38(3ＩＬ３Ｈ,s,s,ＣＨ３ｘ
２),4.21(21Ｍ,Ｊ＝6.8HzlCH2),6.18(1H,Ｍ＝6.8Ｈｚ,CH),7.05,7.08,7.15,7.17(2H,ＺＩＬ２Ｈ,ＺＨ,。,。,。,。,Ｊ＝8.0,
8.0,8.0,8.0Ｈｚ,C6H4x2).ｌ３ＣＮＭＲ(CDC13)Ｍ1.2,2Ｌ３(ＣＨ３ｘ２),６０．８(CH2),12663,127.5,128.8,129.1,129.6，
136.1,137.1,137.3,131.1,144.1(>C=CH,C6H4x2)．
3,3-Bis(4-chlorophenyl)-2-propene-1-ol(4e):ｌＨＮＩＶｍ(CDCl3)61.45(1H,t,Ｊ＝５.ＯＨｚＯＨ),４．２０(2H,。｡,ノー５０，
７．０Ｈｚ,CH2),6.23(11Ｌｕ＝７０Ｈｚ,ＣＨ),7.09,7.16,726,7.36(2H’2H’2H'2H,｡4.,.,Ｊ＝8.4,Ｍ,8.4,8.4Ｈｚ,Ｃ６Ｈ４
ｘ２).１３ＣＮｌＶｍ(CDCl3)660.5(CH2),128.3,128.4,128.5,128.8,131.0,’33.7,133.8,136.9,139.8,142.0(>C=CH，
C6H4x2)．
3,3-BisI4-(trifluoromethyl)phemyll-2-propeme-1-ol(49):１ＨＮｈｍ(CDCl3)６Ｌ64(1H,brs,ＯＨ),４．２２(ZIL。,Ｊ＝６．８
比CH2),6.38(1ＩＬＭ＝6.8HzlCH),7.2父7.33,7.56,7.66(2IL2H,2H’2H,｡,｡,｡,｡,ノー8.0,8.0,8.0,8.0Ｈｚ,Ｃ６Ｈ４ｘ
２).13CNRnR(CDCl3)Ｍ0.4(CH2),1253,125.3,125.4,12Ｍ,125.4,127.7,130.0,130.5,141.6,141.9,144.4(CF3x
2,>C=CH,C6H4x2)．
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